.
2
The interventions of most studies consisted of pharmacotherapy [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] , only two studies combined 3 pharmacotherapy with respiratory physical therapy 5, 29 . The respiratory physical therapy 4 consisted mainly in active cycle of breathing techniques 5, 29 , but also breathing retraining 5 techniques; incentive spirometry; thoracic mobility, expansion and flexibility exercises and 6 aerobic training 29 . In almost all studies, the respiratory sounds were recorded in more than one 7 chest location however, in three studies recordings were performed exclusively in the trachea 21, 8 25, 26 . Only the three more recent studies, acquired the respiratory sounds following the
9
Computerized Respiratory Sound Analysis (CORSA) guidelines for short-term acquisition 5, 28, 29 .
10
The recording devices used varied among studies: microphones 21, 24, 25, 27, 29 , piezoelectric 11 sensors 20, 22, 23, 26, 30 and electronic stethoscopes 5, 28 .
12
Algorithms based on Fast Fourier Transformation were the most used to automatically detect 13 ARS. Two studies used an algorithm based on Short-Time Fourier transformation 28, 29 and one 14 used a modification of the algorithm proposed by Shabtai-Musih et al. 31 and Homs-Corbera et 15 al 25, 32 . A total of nine studies analyzed WHs (3 were conducted in children), two analyzed CRs 5,
16
27 and one both WHs and CRs in children 30 . Two studies detected breathing cycles 17 automatically, one used an analogous method reported by Qiu et al 5, 33 and the other used the
18
Huq and Moussavi algorithm 30, 34 . Only three studies considered the breathing phases
19
(inspiration and expiration) in the analysis of the ARS 26, 27, 29 .
20
(insert . A similar result, but not significant, was found in subjects with 8 stable asthma after terbutaline inhalation (ES=0.34), however in healthy subjects and subjects
9
with non-stable asthma a non-significant decrease was observed (ES=-0.10 and ES=-0.012, 10 respectively) 25 .
11
Frequency
12
The frequency of WHs was investigated in four studies conducted with adults 21, 25, 28, 29 . After
13
terbutaline inhalation, the frequency of WHs significantly decreased in patients with asthma
14
(ES=-0.15), COPD (ES=-0.21) and in healthy subjects (ES=-0.28) 21 . Similar, however non-
15
significant, results were found with the same intervention in healthy subjects (ES=-0.18) and 16 subjects with non-stable asthma (ES=-0.24) 25 . In subjects with stable asthma (ES=0.01) 25 and 17 LRTI (ES=-0.06) 28 the frequency remained approximately the same. Dinis et al. (2013) 18 investigated the effect of respiratory physical therapy in subjects with LRTI and observed a non- 
22
Occupation rate
23
This parameter, which is the proportion of the respiratory cycle occupied by WHs, was explored 24 in studies conducted with children and adults. In three studies the wheeze occupation rate
25
(WH%) was used to analyze the effect of pharmacotherapy 24, 25, 30 . A non-significant reduction in F o r P e e r R e v i e w 9 agent (ES=-1.9) was found; whereas in the placebo group, a significant increase was observed 1 (ES=1.15) 24 . In a study conducted with infant viral bronchiolitis, WH% also decreased 10 2 minutes after the administration of epinephrine (ES=-1.09); however it increased in the group of 3 children administered with albuterol (ES=1.27) 30 . Nevertheless, no significant differences were 4 found between or within groups. When exploring monophonic and polyphonic WH% significant 5 change was also not found however, low effect sizes in non-stable and healthy subjects and 6 medium effect sizes in subjects with stable asthma (ES=-0.54) were found 25 . 
10

Timing
11
Only Piirila explored timing parameters of the CRs related to inspiratory tidal volume and 12 inspiratory and expiratory phases. These parameters were significantly different post 13 intervention (ES from 0.5 to 1.14)
14
Due to the heterogeneity of the outcome measures used across studies, a meta-analysis was 15 not possible to compute.
16
Discussion
17
The main finding of this systematic review was that ARS detected and characterized by
18
computerized respiratory sound analysis show potential to be used as outcome measures in 19 children and adults, as specific variables of each ARS presented high effect sizes. However, the 20 most appropriate variable(s) or variables are yet to be explored.
21
Most studies (11/12) explored WH presence and characteristics before/after an intervention.
22
Wheeze occupation rate seemed to be the most promising parameter to be used as an outcome 23 measure in children and adults, with medium to high effect sizes varying from 0.62 to 1.9 24, 29 . A 24 strong association between the proportion of the respiratory cycle occupied by WHs and the 25 degree of bronchial obstruction has been widely demonstrated [21] [22] [23] 35 . 3 monitor* OR "computerized analyses" OR "digital auscultation" OR "electronic auscultation" OR 4 "automatic auscultation" OR "acoustic signal processing" AND "added lung sounds" OR 5 "abnormal lung sounds" OR "adventitious lung sounds" OR "adventitious respiratory sounds"
6
OR crackle* OR wheez*. The search terms were limited to titles and abstracts. The reference 7
lists of the selected articles were scanned for other potential eligible studies. Additionally, a 8 weekly update was conducted until June 2013. This systematic review is reported according to 9 preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines 13 .
Eligibility criteria
11
Articles were included if 1) they detected and characterized ARS with computerized respiratory 12 sound analysis before and after an intervention on adults or children; 2) were experimental, 13 quasi-experimental or observational studies; 3) were full papers published as original articles or 14 in conference proceedings and 4) were written in English, Portuguese, Spanish or French.
15
Articles were excluded if the study was conducted with animals or assessed ARS with
16
computerized respiratory sound analysis only at one specific moment in time. Book chapters, review papers, abstracts of communications or meetings, letters to the editor, commentaries to articles, unpublished work and study protocols were not considered suitable and, therefore,
19
were also excluded from this review. . The risk of bias assessment was carried out by two independent reviewers.
13
Disagreements between reviewers were resolved by reaching a consensus through discussion.
14
Data analysis
15
To determine the consistency of the quality assessment performed by the two reviewers, an
16
inter-rater agreement analysis using the Cohen's kappa was performed. 
10
Timing
11
14
16
Discussion
17
The main finding of this systematic review was that ARS detected and characterized by 
21
22
Wheeze occupation rate seemed to be the most promising parameter to be used as an outcome 23 measure in children and adults, with medium to high effect sizes varying from 0.62 to 1.9 24, 29 . A 24 strong association between the proportion of the respiratory cycle occupied by WHs and the 25 degree of bronchial obstruction has been widely demonstrated [21] [22] [23] 35 . standardized. This will allow comparisons among different studies and improve the 6 understanding of CRs' mechanisms and acoustic characteristics.
7
The study of both main types of ARS is essential to gather complementary information about 8 the tracheobronchial tree. This information may help health professionals to conduct more 9 accurate diagnosis and enhance their understanding about the respiratory system responses to 10 treatments. However, only one study analyzed both types of ARS as an outcome measure in a 11 study conducted with children
30
. Thus, the study of computerized ARS is an exciting area where 12 much research is needed to develop knowledge for diagnosis and monitoring of patients but 13 also to be used as a non-invasive, objective and reliable outcome measure for treatments.
14
The level of evidence that can be drawn at this moment in time from this systematic review is
15
considerably weak due to the 1) small sample sizes; 2) distinct respiratory therapies and doses ES -effect size; FFT -fast fourier transformation analysis; F-frequency; Fu -upper frequency at -20-dB level; FVC-forced vital capacity; IDW -initial deflection width ; Ie -effective intensity; N -number; nBC -number per breathing cycle; NWI -nocturnal wheeze index; PF -peak frequency; Se -sensitivity; Sp -specificity; TEW -time-expanded waveform; WH -wheeze; WH% -wheeze occupation rate.
